Seventy-six sows and gilts exhibiting natural oestrus were surgically inseminated with semen initially diluted with yolk-tris-EDTA-glycerol diluent and frozen by the pellet method. The inseminations covered three experiments in which volume of inseminate, motile spermatozoa per dose and time of insemination in relation either to the onset of oestrus or to ovulation were examined.
Introduction
Fertility after normal insemination via the cervix with frozen-thawed boar semen has been reported by several investigators (reviewed by Graham et al. 1971; Hillmann and Bader 1973; Paquignon and du Mesnil du Buisson 1973) . These experimental successes still remain to be confirmed, particularly under field conditions. More reliable results can be obtained following deposition of the frozen-thawed semen into the oviducts of females by a surgical technique (Polge et al. 1970; Wilmut and Polge 1971) . Surgical insemination has some obvious disadvantages for practical application, but by requiring a very small volume of inseminate it makes possible the intensive use of ejaculates of valuable sires and offers substantial economies for storage and transport of the frozen semen.
This paper describes three experiments conducted in Sydney (experiment 1) and at a commercial piggery (experiments 2 and 3) with the object of obtaining information on fertility after surgical insemination under conditions prevailing in the field and using animals in which ovulation was not controlled.
Materials and Methods
Semen was collected by the manual method and only the sperm-rich fraction of those ejaculates showing good initial motility was processed. After removal of the gelatinous material by filtration through several layers of gauze, the semen was diluted (semen: diluent = 1 : 2 in experiments 1 and 2 and 1 : 1 in experiment 3) at 30°C with a yolk-tris-EDTA-glycerol diluent (Visser and Salamon 1974) . The diluted semen containing 15 % (v/v) egg yolk and 2 % (v/v) glycerol was cooled to 5°C in 1·5 h, then frozen on dry ice by the pellet method. The frozen pellets (0·25 m!) were stored in liquid nitrogen for 2-8 weeks.
Prior to insemination two to three pellets were transferred from liquid nitrogen into a dry test tube which was shaken in a water-bath at 37°C until the semen pellets melted. Different inseminating doses were used (see Results) and the number of motile spermatozoa in the inseminate was calculated on the basis of cell recovery upon thawing (30--35 %) and sperm concentration. When the number of motile spermatozoa varied in the inseminating volume (experiment 3) the lower cell number was achieved by further dilution of the thawed semen with the pre-freezing diluent containing no egg yolk and glycerol. Smears stained and cleared according to Dott and Foster (1972) were made from the frozen-thawed semen in each experiment and the spermatozoa were examined for acrosome morphology under a phase-contrast microscope incorporating an interference filter (Leitz Wetzlar).
The animals used were Large White and Large White x Landrace sows and 7-10-month-old gilts. Oestrus was detected by teaser boars twice daily at 0830 and 1700 h (experiment 1) or three times daily at 0700, 1200 and 1700 h (experiments 2 and 3). Surgical insemination, under Nembutal or Pentothal-Fluothane anaesthesia, was performed at different intervals from detection of oestrus. After exposing the reproductive tract by mid-ventral laparotomy, the status of follicles, ovulation points and recent corpora lutea on the ovaries were carefully examined and the thawed semen was introduced into the oviducts via the uterotubal junction with a blunt-ended 20-gauge needle attached to a tuberculin syringe.
Results

Experiment 1
In this experiment semen from two boars was pooled (Berkshire and Large White). A total of 22 animals were inseminated of which 12 became pregnant, six as determined by embryo recovery on slaughter 21-36 days after insemination, and six that farrowed 35 pigs (Table 1) . 
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A E = number of embryos(number of corpora lutea) on slaughter at 21-36 days after insemination; P = number of pigs born.
B 54·5 % of total number inseminated.
Neither inseminate volume nor the time of insemination relative to ovulation influenced fertility. The fertility was also much the same for the three inseminating doses used. The number of corpora lutea (in both ovaries) and of embryos for the animals slaughtered yielded some noteworthy information. Ovulation was relatively low (average 10·7 corpora lutea/animal) with a high rate of egg or embryonic loss or both in most animals, the mean loss for the six slaughtered animals being 51·6 %.
Experiment 2
The semen used was obtained from a Large White boar. The results are presented in Table 2 . Seven of 20 animals farrowed a total of 43 pigs. The inseminations tended to be more effective when performed before rather than after ovulation and when using the higher inseminating doses. Five animals returned to service from 39 to 80 days after insemination. The average litter size for animals that farrowed was 7·7. Two gilts and one sow showed a late return to service, at 59, 78 and 43 days after mating respectively.
Experiment 3
The semen used was obtained from a Berkshire boar. The experiment was of 2x2x2 factorial design (inseminate volume: O·IOv. 0·25ml; motile spermatozoa in inseminate: 8 v. 26 X 10 6 ; insemination time: before v. after ovulation) and the gilts and sows available at laparotomy were distributed as equally as possible in each cell.
The results are presented in Table 3 . Fertility was much the same for 8 and 26 x 10 6 motile spermatozoa within each inseminating volume. The only significant main effect detected by the X 2 analysis was the time of insemination. Farrowing was better when the insemination was performed before rather than after ovulation (11/18,61·1 % v. 3/16,18·8%; X2(1) = 6'27; P<0·02).
The average litter size for the 14 animals that farrowed was 8·1 pigs. As in the previous experiment there were some late returns to service; six animals returned to service from 30 to 80 days after insemination and a further two animals did not return to service and also failed to farrow.
Discussion
Time of insemination within the oestrous period is an important factor determining fertility. While the insemination can be timed accurately when oestrus and ovulation are controlled, optimum time of insemination is often problematic in animals exhibiting natural oestrus due to the difficulty of predicting the onset of oestrus, errors in detection of oestrus and the variability in the time of ovulation. In this study testing of oestrous animals by teaser boars was carried out twice or three times daily, which is normally practised or practicable in most piggeries. The onset of oestrus was assessed as occurring at half of the interval between the time of detection of animals in oestrus and the previous testing. After such 'correction', and using the observations at laparotomy, the mean ovulation time for the 76 pigs used in the three experiments [as calculated by probit analysis (Finney 1971) ] was 30·6 h (S.D. ± 1·98) from the onset of oestrus.
Fertility was very similar for inseminations before and after ovulation when the semen was deposited into the oviducts within a narrow time interval (24--36 h from the onset of oestrus, experiment 1), i.e. immediately prior to or shortly after ovulation. When, however, the laparotomies and inseminations were performed within a wider time interval (12-48 h from onset of oestrus, experiments 2 and 3), the mean farrowing was better for inseminations carried out before than after ovulation. Examination of the data in more detail (Fig. 1) revealed an improvement in fertility as the time of insemination was closer to ovulation, whereas fertility decreased with the elapse of time from ovulation to insemination. Polge et al. (1970) also found an effect of insemination time on fertility. In their study tubal insemination yielded a better egg fertilization rate when performed 4 h before than 6 h after ovulation, and deposition of the frozen-thawed semen into the oviducts 20 h before ovulation markedly reduced the fertility.
Surgical inseminations 30-36 h from onset of oestrus, irrespective of whether ovulation had occurred, yielded the best fertility (Fig. 1) . This finding can be considered of practical interest when surgical inseminations are performed under field conditions and animals exhibiting natural oestrus are used. It should be mentioned, however, that testing of female pigs more than once daily is necessary in order to obtain a reliable estimate of the onset of oestrus.
In the present study fertility for the animals inseminated close to the time of ovulation was high and similar to the pregnancy and farrowing results reported earlier (Polge et al. 1970) . The mean farrowing in experiment 2 was low (35 %), but judgment on this result has to be tempered in the light of the relatively poor fertility of control animals mated by boars.
(7) (7) (77\) Interval from onset of oestrus to insemination (h) Fig. 1 . Pregnancy in relation to the time of insemination from onset of oestrus. Data are from all three experiments; numbers of animals are given in parentheses for each point. o Insemination before ovulation.
• Insemination after ovulation. ~ Pregnancy irrespective of whether ovulation occurred.
The lowest number of spermatozoa per inseminate used in this study was 8 x 10 6 , but it seems that the cell numbers could be further decreased. Wilmut and Polge (1971) reported high egg fertilization rates by using 250 and 1000 x 10 3 frozen-thawed motile spermatozoa for tubal insemination. Excessive decrease in the number of motile cells may, however, cause a delay in fertilization and subsequent retarded or abnormal development or both of the fertilized ova (Plisko 1962a (Plisko , 1962b Alanko 1971) . Furthermore, when decreasing the number of motile cells in the inseminate it should also be taken into account that motility upon thawing is not necessarily a reflection of the integrity and fertilizing capacity of spermatozoa. The proportion of motile spermatozoa and of those with acrosomes that appeared normal were very similar in the three experiments presented here (30-35 % motile, 13-15 % normal acrosomes). In an additional test in which semen of a Landrace boar was used, although motility upon thawing was 30 %, only 4·7 % of sperm cells had normal acrosomes. None of 10 animals was pregnant after insemination into the oviducts with frozen-thawed semen of this boar.
Finally, it should be mentioned that some animals returned to service 30-80 days after surgical insemination, and that in a few cases only two to three young were born. Returns from 35-75 days following normal insemination via the cervix with frozenthawed boar semen were also reported by Baranov (1972) and Salamon and Visser (1973) . It seems that the incidence of late returns to service and the birth of very low numbers of pigs in the litter cannot entirely be attributed to the use of frozen-thawed semen, as they occur also after natural mating. Thus, in the second experiment, 3 of 35 naturally mated animals had delayed returns, and some farrowed small litters. Further, on examination ofreliable mating and farrowing records for more than 1000 pigs we found that 6 % returned to service from 35 to 80 days after service and that 1 . 8 % of animals farrowed only a total of three or less pigs in the litter.
